Background: Antiretroviral treatment restores the physical and immunological function for patients with HIV/AIDS and the return of sexual desire. The frequency and correlates of sexual activity among patients receiving ART have not been widely studied. There is concern that widespread availability of ART may result in sexual disinhibition including practice of high-risk sexual behavior. We determined the correlates of sexual activity and high-risk sexual behavior in an ART-treated population in rural and urban Uganda. Methods: We conducted a cross-sectional study among 329 ART-treated adult patients at two hospitals, one located in rural and another in urban western Uganda. We collected data on sexual activity, frequency of condom use, pregnancy, viral load (VL) and CD4. Patients were considered sexually active if they had had sexual intercourse in the last 6 months. Any unprotected sex was considered high-risk sex. A two-stage logistic regression was performed to determine factors associated with sexual activity and high-risk sex among those sexually active. Results: Overall, 222 (67%) patients were women, 138 (41.2%) had been on ART for at least one year, and 168 (51.4%) were sexually active of whom 127 (75.6%) used condoms at the last intercourse. Younger age (<=30 years) (Odds ratio; OR=2.3, 95% CI 1.2, 4.2), higher monthly income (OR=4.1, 95% CI 2.4, 7.4), and being married (OR=22.7, 95% CI 8.2, 62.9) were associated with being sexually active. Undetectable VL, CD4 count and treatment duration were not significantly associated with sexual activity. Among the sexually active, alcohol consumption (OR=3.3, 95% CI 1.2, 9.1) and unknown serostatus of partner (OR=5.8, 95% CI 1.5, 21.4) were significant predictors of high-risk sexual behavior. The frequency of unprotected sex at the last intercourse was 25.9% and 22.1% among the men and women respectively and was not significantly different (p value for chi square test =0.59). Conclusion: Younger persons receiving ART are more likely to be sexually active. ART clients are more likely to engage in unprotected sex when sero-status of partner is unknown or report use of alcohol. Counseling on alcohol use and disclosure of sero-status may be useful in reducing high risk sexual behavior.
Background
Antiretroviral therapy (ART) restores quality of life, physical functioning for majority of HIV-infected individuals [1] [2] [3] and return of sexual desire and resumption of sexual activity [4] . Safe sexual practice among HIV infected patients includes consistent use of condoms and is encouraged as part of positive living. There is widespread concern that large-scale availability of ART may result in sexual behavior disinhibition [5] , possibly because HIV infected patients may perceive themselves as not infectious. In a U.S. study of patients attending primary HIV care, the belief that an undetectable viral load reduces infectiousness was significantly associated with high-risk behavior such as unprotected sexual intercourse [6] . Similarly, uninfected individuals may have lower perceived threat of HIV acquisition because of the availability of the treatments, believe that its use associated with lower infectiousness, and possibly engage in high-risk sexual behavior. Several studies have shown that initiation of ART does not necessarily result in risky sexual behavior, and in fact results in an increase in safer sexual practices [7] , with up to 70% reduction in risky sexual behavior practices 6 months after initiation of ART. However the reports have been conflicting with some data suggesting that risky behavior may instead increase [5] .
Based on the paradigm of treatment as prevention, one would expect that widespread use of ART will reduce the incidence of HIV transmission by reducing the community viral load [8] . However, mathematical models show effectiveness of combination prevention efforts will be dampened if large-scale treatment is accompanied with sexual behavioral disinhibition [9] [10] [11] . Population-based studies in Uganda show that there has been an increase in the number of casual partners accompanied by a decline in condom use among those in the middle age groups [12] . Data from Uganda also suggest that HIV incidence and prevalence are no longer on the decline as had previously been experienced [13] , though the role of changing sexual behavior was not clearly explained.
The predictors of sexual activity and high-risk sexual behavior have not been adequately assessed among ART patients. This would be useful as it might identify individual-level risk factors to address during sexual behavior counseling. Specifically, alcohol consumption has been independently associated with HIV infection [14] , adverse outcomes such as non adherence [15] and highrisk sexual behaviors in the general population [16] , but fewer studies have been conducted among patients receiving ART particularly in resource-limited and rural settings. To determine these predictors, we conducted a cross-sectional study to determine the prevalence and correlates of sexual activity among patients receiving ART and to determine the factors associated with high-risk sexual behavior among those who are sexually active.
Methods

Study design and setting
We conducted a cross-sectional study among patients receiving ART at government supported health facilities in a rural (Sheema) and urban (Mbarara) district all in south western Uganda. Data were collected from government facilities in the district at Kitagata and Mbarara Hospitals located in Sheema and Mbarara districts, respectively. The two facilities are the largest hospitals in their respective districts; however, Sheema is rural and Mbarara is urbanized. Patients were eligible to participate if they had completed at least 6 months of antiretroviral therapy. Patients were enrolled consecutively and data was collected between April and October 2006.
Research assistants administered questionnaires to the study participants in the local language of Runyankore. Blood samples were also drawn at the same time to determine biological measurements. Data was then entered into Epidata and analyzed using STATA version 11 (StataCorp, College Station, Texas).
Measurements and data analysis
We collected data on sexual activity, consistency of condom use, number of sexual partners and rating of current interest in sexual activity. Respondents were considered sexually active if they reported sexual intercourse in the last 6 months. Any unprotected sex was considered as high-risk sexual activity. To determine high-risk sexual behavior, participants were asked "The last time you had sexual intercourse, was a condom used?" Blood samples were collected to determine viral load and CD4 count. Viral load was considered undetectable if plasma HIV RNA concentration was <50 copies per milliliter (Roche, Amplicor). We compared baseline characteristics between the rural and urban sites using chi-square testing for the categorical variables and t-test for the continuous variables. We performed separate logistic regression analysis with sexual activity and unprotected sex as dependant variables and several factors including age, marital status, gender, place of residence (rural versus urban), monthly income, educational level, CD4 count, viral load, ART treatment duration and alcohol consumption were considered as predictors. We collected data on consumption of all alcohol containing beverages and any consumption of an alcohol containing beverage in the last 6 months was considered as an exposure. We report odds ratios and corresponding 95% confidence intervals.
Ethics
The study was submitted to and approved by the Mbarara University of Science and Technology Institutional Review Board and final permission was obtained from the Uganda National Council of Science and Technology. We obtained informed written consent from all participants before they were enrolled in the study.
Results
We interviewed a total of 329 patients at the two hospitals of the 334 that were approached. Of those who accepted to participate, 175 (53%) were at the rural site and the 154 (47%) were at the urban hospital ( Table 1) . Majority of the patients at both sites were female. Also, the two populations were similar in terms of literacy rates, monthly income and level of education. In comparison with patients at the rural site, those at the urban site had been on treatment for significantly longer, were less likely to drink alcohol and less likely to report a missed pill over the last three days, had higher proportion of patients with CD4 count above 200 cells per ml but a lower proportion of patients with undetectable viral load.
Comparison of sexual behavior among males and females
Overall 168 (51.4%) patients were sexually active in the previous 6 months. Among the men, 75.7% of them were sexually active compared to 39.4% among the females and the difference was statistically significant (chi square p value <0.0001, see Table 2 ). The men were also more likely to report higher interest in sex and an increased interest in sexual activity since ART started.
Among the sexually active participants (n=168 or 51.4%), the men had a significantly larger number of lifetime sexual partners (8.4 versus 3.2 among men and women respectively, p value for Mann-Whitney test <0.001), and a larger number of sexual partners over the last six months (1.2 versus 0.8 among men and women respectively, p value for Mann-Whitney test <0.001). The frequency of unprotected sex at the last intercourse was 25.9% and 22.1% among the men and women respectively Predictors of sexual activity and high-risk sexual behavior
The younger respondents (those aged 30 years or less) were more likely to engage in sexual activity compared to older patients. Women were 80% less likely to be sexually active compared to the men (OR=0.2, 95% CI 0.12, 0.35). In increasing order of magnitude, separated/ divorced, never married, married polygamous and married monogamous were significantly more likely to be sexually active compared to the widowed (Table 3) . Respondents with more education and in the higher income brackets were also more likely to be sexually active. Among the sexually active respondents, alcohol use and serostatus of sexual partner at intercourse were significantly associated with high-risk sexual behavior. Any alcohol use in the past 6 months was associated with a three-fold increase in the odds of unprotected sex compared to no alcohol use (OR=3.3, 95% CI 1.2, 9.1). Respondents who had sexual partners of unknown serostatus had an almost 6-fold increase in the odds of unprotected sex compared to those partners who were known to be HIV negative (OR=5.8, 95% CI 1.5, 21.4). Overall, respondents with a partner of known serostatus (negative or positive) were less likely to report unprotected sexual intercourse at last sex compared to those with partners of unknown serostatus (p=0.004, chi square).
In a multivariable logistic regression model (Table 4 ) to predict high risk sexual behavior and adjusted for age and gender among the sexually active participants, alcohol use and serostatus of partner remained significant predictors.
Discussion
Our study has shown that any alcohol consumption is associated with high risk sexual behavior among patients receiving antiretroviral therapy in a resource limited setting. These findings are in agreement with several other studies in the literature that have showed the association between alcohol use and high risk sexual behavior and have been combined in a recent meta-analysis [17] . However most of these studies were conducted in the US and other western countries and in fact only 4 of the 27 studies in the meta-analysis were African. Therefore, our study is one of the few studies that have demonstrated the association between alcohol use and high risk sexual behavior among ART clients in sub Saharan Africa. However, the association between alcohol and high-risk sexual behavior is well known and has been demonstrated in different sub groups such male sex workers in Mombasa [18] , HIV+ women and men attending primary care clinics [19] , fishing villages in Uganda [20, 21] and hotel and bar workers in Tanzania [22] and among men who have sex with men (MSM) in Soweto, South Africa [23] , few studies have assessed factors associated with high-risk sexual behavior or performed rural and urban comparisons in the same location.
This observational study in western Uganda has also shown that majority of patients receiving antiretroviral therapy are sexually active and sexual activity is especially higher among men than women. The high proportion of sexually active adults is consistent with other studies where the percentage was up to 70% [24] . The high frequency of sexual activity may be indicative of the restoration of physical functioning following ART which may be accompanied by the desire to live a normal life again which includes sexual activity [2] . However the sexual activity was accompanied by high-risk sexual behavior. The prevalence of unprotected sexual intercourse was over 20% among both men and women and very similar to a recent study in the urban informal settlement of Kibera in Nairobi, Kenya [25] , baseline data in a rural Ugandan cohort [26] but slightly lower than a recent Ethiopian study [27] where more than one third of the ART clients reported risky sexual behavior.
However, our data indicate significant proportion of respondents reported decreased interest in sexual activity once they started ART. Majority of studies have shown a reduction in risky sexual behavior following initiation of ART [28] , but to the best of our knowledge, none has shown decreased interest in sexual activity. Anecdotal evidence suggests this may be because a large number of these patients focus on their own recovery once they start on ART.
Our study showed no evidence of association between viral load suppression and high-risk sexual behavior. This finding is in agreement with several studies and the conclusions of a meta-analysis [29] . However, the metaanalysis comprised studies mostly from the developed countries. Since then, several studies among ART clients in sub Saharan Africa have also shown no evidence of the association between detectable or undetectable viral load and high-risk sexual behavior [30, 31] . However, studies among MSM in the US have shown that perception of undetectable viral load [32] , or reduced concern about HIV transmission following ART [33, 34] are associated with higher frequency of unprotected sex. Such studies are yet to be conducted in sub Saharan Africa.
Alternatively, some studies have shown reduced odds of high-risk sexual behavior among patients who had viral load suppression or good adherence to ART [35] . The expectation is patients with viral load suppression will perceive themselves as non-infectious and therefore engage in high-risk sexual behavior.
Our data show that knowledge of sero-status of partner influenced condom use with respondents more likely to report unprotected sexual intercourse when serostatus of partner was not known. Studies elsewhere have shown contrasting findings with less risky sexual practice with partners of unknown sero-status [27] . Among South African couples, awareness of a partner's HIV positive status and HIV positive concordance were associated with protected sex [36] . Yet some studies have shown no difference in risky sexual practice by serostatus of partner [37] . Disclosure of HIV sero-status to the main partner has been associated with safer sexual practices [38] . It should be noted that our study did not establish the nature of these partners, specifically casual versus regular partners and how these may influence use of condoms.
In a Kenyan [25] and Ugandan study [30] , women were more likely to report inconsistent condom use compared to the men but this was not the case in our study. In fact there were no gender differences in the frequency of condom use. Also, unlike the study in Kenya, duration of time on ART did not predict the risk of unprotected sex. The reason for these differences is not clear but may be attributed to the nature of the populations under investigation. Majority of women in our study were leading more stable lives and may be less vulnerable compared to women in the informal settlements in the slums of Kibera in Kenya. However, women in our study were more likely to report intercourse with a partner of unknown sero status than men and this may be because of fear of disclosure and the power differential in sexual relationships in this setting. In an African traditional setting, women are unlikely to ask their husbands or partners to go for HIV testing but the opposite is true. This strengthens the cause for emphasizing positive prevention among ART clients and encouragement on disclosure of HIV test results to the partners. Our study has several limitations, first is that we measured alcohol consumption as a dichotomous outcome. The data collection did not establish the quantities and grade of alcohol consumption so as to determine the dose response relationship. Additionally, our data were not able to support analysis to determine whether the reported high-risk sex was under the influence of alcohol. Second, the high-risk sexual behavior was self-reported and may have been underreported because of a social desirability bias. Third, our study is cross sectional and therefore limited with respect to causal inference. Also, we were unable to characterize the changes in sexual behavior within an individual as the respondents improve.
Conclusion
In conclusion, our study has shown that younger persons receiving ART are more likely to be sexually active, ART clients are more likely to engage in unprotected sex when serostatus of partner is unknown and if they are consumers of alcohol. We recommend positive prevention and safe sex counseling particularly to clients who use alcohol and encourage disclosure of HIV serostatus among clients whose partners are of unknown status.
